Quality Control (QC) procedures are mandatory to achieve accuracy in radiotherapy treatments. For that purpose, classical methods generally use physical phantoms that are acquired by the system in place of the patient.
INTRODUCTION

Nowadays, radiotherapy and Therapy Planning Treatment have a important role for patient treatment. Thus, it is mandatory to control the quality of softwares used in this operations. Classical methods to assess the quality of Treatment Planning System (TPS), are to use physical test objects that are acquired with a CT installation by the system in place of the patient. However the quality assessment can be more accurate using digital test objects that can be analyze directly by the TPS. These DTO are transfered to the TPS in a DICOM (Digital Imaging and Communications in Medicine) format which is a discrete image format. However, it can be interesting to have a continuous description of the shapes composing the test object, in order to control dosimetric calculation for example. Thus, a structure is defined allowing an equivalence between a continuous description of the object and a discrete version of it.
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Radiotherapy and quality control
Radiotherapy consists in a great ionization of cancerous cells caused by radiations. This will deteriorate the genetic information composition of the cancerous cells in order to make them unable to reproduce. It is thus necessary to deliver a maximum of proportion of ionizing x-rays to the tumor while saving the maximum of neighboring healthy tissues. In order to target the tumor and to
•
Then, there is an automatic computation of the target volume expansion. This is done in order to consider contouring uncertainties of the radiotherapist, set-up errors that can occur during the treatment, the movements of the target (internal movements and external patient movements) and beam's penumbra,
• The TPS computes the position of the isocenter, i.e. the convergence point of all beam axis.
• The next step is the computation of each beam form and orientation for the radiation. The intersection of the beams must define the target.
• 
Digital Test Object
Quality assessment of TPS is classically done using phantoms i.e. Physical Test Objects (PTO). [6] [7] [8] There exists a PTO for each quality criterion. 9 For the quality assessment procedure, the PTO is put down on the scanner 
METHODS
The aim of this work is to obtain a data structure framework to store the digital test objects in a way that there is an equivalence between a discrete and a continuous version of it. The DTO can be translated into a series of DICOM files like a series of CT slices, but the same description leads to a unique continuous description of the three dimensional scene that will be exploited with assessment purposes.
The XML format used to store the DTO with its structure characteristics is now described. Then, the file structure describing a DTO is explained. Finally the method to obtain a discrete version of a DTO from its continuous description is shown in the last part of this section. 
XML format
Rotations and translations do not commute. A rotation depends on an invariant point. A shape can rotate around the origin or around its own point of reference. The chosen method for shape rotation is to center it on the origin of the coordinate system. If the rotation is computed before any translation, the shape rotates around its reference point. Thus a first rotation is allowed on shapes before any translation. This is not sufficient to design DTOs. It is interesting to have a rotation after a translation in order to obtain a circle of shapes (for contrast resolution of DRR computation control for example) as shown in figure 1. This permits to have shapes at exactly the same distance of a given point (that can be the isocenter during quality assessment). Thus the shape elements of the XML file contain two series of rotation attributes : the first one, which is applied before translations, is named "rotIntern" and the second, which is applied after translations, is named "rot".
Shapes discretization
When the DTO is translated into a series of DICOM files, the continuous description of the 3D scene is converted into a three dimensional matrix. Thus each voxel of the 3D matrix must correspond to one and only one shape in order to attribute a value to the voxel. For sake of simplicity, voxels are consider as a uniform unit volume. Hence, they belong to a shape or not, but they do not belong partially to it. For that purpose, the voxels of the DTO are traversed and for each voxel a value, or shape membership must be determined.
The center of the voxel whose value is being determined has discrete coordinates in the 3D space. The method consists on traversing the tree that contains the shapes and looking for each node if the voxel belongs to the shape. A shape can be included into another one. Thus, the way to traverse and construct the tree is important. The route is made in the width of the tree. If a shape is included into another, it must be encountered in a second time during the route. In this way, the value of the voxel will be the one of the included shape.
Thus, it is mandatory to have some function determining if a voxel belongs to a shape or not. For a complex shape, its subtree should be studied as follows: For a complex shape, its subtree should be studied as follows:
• if the shape is a union between two shapes, the voxel belongs to it if it belongs to almost one subtree shape,
• if it is an intersection, the voxel belongs to the shape if it belongs to the two shapes of the subtree,
• if it is a subtraction, the voxel belongs to the shape if it belong to the first subtree shape and not to the second one. a direction) 
Primitives discretization
It is quite easy to determine if a voxel belongs to a parallelepiped or not. Parallelepiped were constrained to have integer dimensions and they are aligned with the discrete grid. They are forced to have an integer number of voxels in each direction for an obvious sampling (it is also easy to know if a voxel belongs to a parallelepiped if there are no rotation apply on it).
To know if a voxel belongs to an ellipsoid, it is necessary to calculate the distance between the center of the ellipsoid and the voxel. If this distance is inferior to the radius (in
(x − x 0 ) 2 R x 2 + (y − y 0 ) 2 R y 2 + (z − z 0 ) 2 R z 2 ≤ 1,(1)
Determining if a voxel belongs to a conical frustum is done in two steps. A conical frustum primitive is constrained to have an axis parallel to the Z-axis of the coordinates system. Thus, this shape can be seen like a stack of ellipse. The height of the shape is forced to have an integer value. So, it has an exact number of voxels along the height. The discrete shape can be define like a stack of discrete ellipse. The 3D problem of discretization is thus reduced to a series of 2D discretizations. If the Z-coordinate of the voxel corresponds to a discrete ellipse of the conical frustum, the voxel belongs to the shape if the distance to the center of the ellipse is inferior or equal to the radius. As the the ellipsoid case, the Euclidean distance is chosen and the center of the voxel is taken as the voxel reference point. Thus, accordingly to the ellipse equations, a point belongs to an ellipse if:
(
where x and y are the center of the voxel coordinates in the plane (X, Y ), x 0 and y 0 the ellipse center coordinates in the plane (X, Y ), R x is the length along the X-axis, R y is the length along theY-axis.
Transformations
Translation 
where x, y and z are the center of the voxel coordinates, x , y and z are the new coordinates and R is defined in equation 4 : 
RESULTS
In this part, a very simple DTO is presented in order to
The DTO is made of a complex shape for the divergence shape and a small sphere representing the isocenter (see 2). The complex shape is a subtraction between two conical frustums. Both have a height of 151 voxels (along Z-axis). The radii of the principal basis of the first frustum are 100 (along X-axis) and 50 (along Y-axis) (the unit is the length of a voxel edge). The radius along X-axis for the second basis is 50, and the radius along
APPLICATIONS
The target application is the quality control of radiotherapy devices. The presented framework will allows for the DTO creation, the DTO storage, the DTO experiments and the DTO results analysis without any kind of error due to the device acquisition or to the object sampling. 
DTO storage for DTO creation software
Information for quality control tests
The software to manage the quality assessment with DTO is being developped and tested. The 
